Background: Although previous studies suggest that physical activity may reduce the risk of hypertension, the role of daily life activity in the development of hypertension remains unclear.
Methods:
The study population included 2548 Japanese male office workers aged 35 to 59 years, who were without hypertension (systolic blood pressure [SBP] Ͻ140 mm Hg, diastolic blood pressure [DBP] Ͻ90 mm Hg, and no medication for hypertension) and had no history of cardiovascular disease. Daily life energy expenditure was estimated by a 1-day activity record during an ordinary weekday at study entry. Blood pressures were measured at periodic annual health examinations over 7 successive years.
Results: After controlling for potential predictors of hypertension (age, family history of hypertension, alcohol consumption, cigarette smoking, regular physical exercise at entry, and change in body mass index during the follow-up period), mean SBP and DBP in each follow-up year decreased as daily life energy expenditure increased. With additional adjustment for SBP at entry, the relative risk of hypertension (SBP Ն140 mm Hg and/or DBP Ն90 mm Hg or medication for hypertension) across quartiles of daily life energy expenditure (lowest to highest) were 1.00, 0.84, 0.75, and 0.54 (PϽ.001 for trend). Analyses by presence or absence of a risk factor demonstrated that the risk of hypertension was inversely related to daily life energy expenditure in men at either low or high risk of hypertension. Daily life energy expenditure was also associated with reduced risk of hypertension for subjects in all 3 categories of normotension: low normal, normal, and high normal.
Conclusions: Increased daily life activity is effective for the prevention of hypertension, and this benefit applies to men at either low or high risk of hypertension. Med. 2005; 165:214-220 P OOR LIFESTYLE IS PROMINENT in the causal constellation for risk factors predisposing to cardiovascular disease, and therefore interest in lifestyle modification, including increased physical activity, has grown. [1] [2] [3] Previous epidemiological studies have demonstrated that physical activity or physical fitness reduces the risk of cardiovascular disease, particularly coronary heart disease, [4] [5] [6] possibly in part by lowering blood pressure. Meta-analyses of controlled intervention trials identified a significant reduction of systolic blood pressure (SBP) and diastolic blood pressure (DBP) in normotensive and hypertensive persons assigned to aerobic exercise compared with controls, 7, 8 while prospective cohort studies have generally demonstrated that physical activity or physical fitness is associated with a reduced risk of hypertension. [9] [10] [11] [12] [13] [14] A prospective study among Harvard College alumni reported that men who did not engage in moderately vigorous sports play during the 1960s had a 35% greater risk of hypertension by 1972 compared with those who did. 9 Another Finnish study found that the age-adjusted relative risk of hypertension over 10 years of follow-up was 60% to 70% higher for sedentary men than for the most active people. 10 The Atherosclerosis Risk in Community Study (ARIC) 11 found that white men in the highest quartile of leisure activity (primary cycling and walking) had a 34% lower risk of developing hypertension over 6 years. Blair et al 12 reported that persons with low levels of physical fitness (72% of the group) had a 52% excess risk of hypertension for 1 to 12 years compared with highly fit persons. A prospective study in Japan showed that the duration of walking to and from work and regular leisure time physical activity at least once a week decreased the risk for hypertension in Japanese men. 13 Recently, a prospective study in Finland observed the pro-tective effect of regular physical activity in both sexes regardless of the level of obesity.
Arch Intern
14 Most of these prospective studies have examined the relationship between specific physical activities such as walking, leisuretime physical activity, and more vigorous activities and the risk of hypertension. Recent reviews 15, 16 have emphasized the importance of the total amount of physical activity rather than its specific characteristics, such as intensity, frequency, and bout duration for health benefits. This has been observed with regard to mortality, morbidity, and several disease risk factors.
Because daily life activities represent the accumulation of complex behaviors in daily life and few middleaged individuals engage in physical training or physical activity at their jobs or during leisure time, it is important to examine whether overall physical activity in daily life contributes to a reduction of the risk of hypertension. The present study therefore prospectively examines the relationship of overall physical activity in daily life to the risk of developing hypertension in normotensive Japanese male office workers over a 7-year observation period. Because age, overweight, obesity, alcohol intake, and highnormal blood pressure are closely associated with an increased risk of developing hypertension in this cohort [17] [18] [19] and these correlates (including family history of hypertension, cigarette smoking, and regular physical exercise) may modify the association between daily life activity and the risk of developing hypertension, we also examined whether daily life activity is an important approach in the prevention of hypertension among men at either low or high risk of hypertension.
METHODS

PARTICIPANTS
To evaluate the association of daily life activity with the development of hypertension, a survey of the incidence of hypertension was done between 1994 and 2001 among Japanese men who were office workers at one of the biggest building contractors in Japan. All Japanese male office workers aged 35 to 59 years in May 1994 were invited to participate in annual health examinations (n = 3694); the participation rate was 99.6% (n=3681). The Industrial Safety and Health Law in Japan requires the employer to conduct annual health examinations of all employees; the employee data, which are anonymous, are available for research with the approval of the employer. An institutional review committee approved this study, and we interpreted the return of a self-administered questionnaire signed by the subjects as their consent to participate.
Of the 3681 potential participants, 46 (1.2%) did not return the activity record or did not complete the record. Of the other subjects, 1036 (28.5%) were excluded: 1023 (28.1%) had hypertension and 28 (0.8%) had a history of either coronary heart disease or stroke. Thus, the hypertension-free population consisted of 2599 men, who reexamined over 7 successive years until May 2001. Because we also excluded 51 men who did not participate in consecutive annual health examinations, the final study population for analysis therefore consisted of 2548 men. Men in whom hypertension was found during repeated surveys through May 2001 were defined as having incident cases of hypertension. Also, 117 participants who started taking medication for hypertension during the observation period were considered to have incident cases of hypertension.
STUDY DESIGN
The participants were asked to fast for at least 8 hours and to avoid heavy physical activity for more than 2 hours before the examinations. Blood pressure was measured by technicians properly trained for measuring blood pressure for epidemiological surveys at annual health examinations in May from 1994 to 2001. 20 Both SBP and DBP were measured to the nearest 2 mm Hg with a standard sphygmomanometer on the right arm of subjects sitting after a 5-minute rest. Hypertension was defined as an SBP of 140 mm Hg or higher and/or a DBP of 90 mm Hg or higher or receipt of antihypertensive medications.
1,2 Blood pressure associated with normotension was divided into the following 3 categories: (1) low-normal blood pressure was defined as an SBP lower than 120 mm Hg and a DBP lower than 80 mm Hg, (2) high-normal blood pressure was defined as an SBP between 130 and 139 mm Hg or a DBP between 85 and 89 mm Hg or both, and (3) normal blood pressure was defined as blood pressures between the first 2 categories.
Annual health examination items at study entry included medical history, physical examination, anthropometric measurements, biochemical measurements, and an activity record for the assessment of daily life energy expenditure as well as a questionnaire on health-related behavior, such as physical exercise, smoking, and alcohol consumption. Medical history and use of prescription drugs were assessed by the examining physicians. A family history of hypertension was defined as having a mother, father, sister, and/or brother with diagnosed hypertension. Body mass index (BMI) was used as a measure of overall obesity. Blood samples were drawn from an antecubital vein. Serum total cholesterol, high-density lipoprotein cholesterol, and triglyceride and fasting plasma glucose levels were measured with Olympus AU-5000 equipment (Olympus Japan Co Ltd, Tokyo, Japan) at FALCO Biosystems Tokyo Ltd (Tokyo) according to standard laboratory procedures. 21, 22 As for daily life energy expenditure, a 1-day activity record during an ordinary weekday was designed to estimate energy expenditure. The activity record for 1 day was divided into 96 periods of 15 minutes each. 23 We predefined 20 typical daily life physical activities on weekdays in this population (Table 1) , and participants were asked to write the categorical values that correspond best to the dominant activity of each 15-minute period in the space provided. Approximate energy cost for each category in kilocalories per kilogram per 15-minute period for Japanese men was used to compute the daily life energy expenditure for each individual. 24 If an activity could not be assigned to one of the predefined categories, the subjects were asked to describe the activity in more detail. Physical exercise was not included in daily life activity because four fifths of the participants who engaged in physical exercise at least once a week exercised on the weekend. Daily energy expenditure was computed by multiplying the amount of time spent on specific daily physical activities by the energy cost per physical activity and per unit.
As for health-related behavior, data on regular physical exercise, smoking habits, and alcohol intake were obtained by interview. Participants were asked about the type and frequency on a weekly basis of leisure time physical activity. Physical exercise was defined as participation in any physical activity, such as jogging, cycling, swimming, or tennis, that was performed long enough to cause sweating. The questionnaire also asked about cigarette smoking habits (never, past, or current smoker); past or current smokers were asked to specify the number of cigarettes smoked per day and the duration of smoking in years. The questions about alcohol intake included items about the type of alcoholic beverage, the frequency of alcohol consumption per week, and the usual amount consumed daily. Weekly alcohol intake was calculated and then converted to daily alcohol consumption (grams of ethanol per day) by using standard Japanese tables.
STATISTICAL ANALYSIS
Data are reported as mean±SD, except when the distribution was strongly skewed, in which case the median (interquartile range) is given. One-way analysis of variance and the 2 test were used to analyze the statistical differences among characteristics of the study participants at enrollment according to quartile of daily life energy expenditure. Categories of daily life energy expenditure were defined by the following quartiles: less than 33.3 kcal/kg per day, 33.3-36.9 kcal/kg per day, 37.0-40.3 kcal/kg per day, and 40.4 kcal/kg per day or greater. For each participant, person-years of follow-up were calculated from the date of enrollment to the date of the diagnosis of hypertension or the date of last follow-up, whichever came first. Follow-up time included 96.4% of the total potential person-years of follow-up. Changes in SBP and DBP during the follow-up period among categories of daily life energy expenditure were tested by a generalized linear model analysis. Cox proportional hazards models were used to evaluate the association of daily life energy expenditure level with development of hypertension. Data were adjusted for age, family history of hypertension, alcohol consumption, cigarette smoking, regular physical exercise, SBP at entry, and change in BMI during the follow-up period. Potential confounding factors, except for age, SBP, and change in BMI, were treated as categorical variables: family history of hypertension (no or yes); alcohol consumption (graded as 1 [none] 
Data were analyzed by using the SPSS/PC statistical package (SPSS Inc, Chicago, Ill). All reported P values are 2 tailed, and PϽ.05 was considered statistically significant. Table 2 gives the baseline characteristics of the study sample according to quartile of daily life energy expenditure. Men in the lowest quartile of daily energy expenditure were the oldest. Mean BMI, SBP, DBP, total cholesterol level, triglyceride level, and fasting plasma glucose level, and the percentage of participants who had a family history of hypertension decreased with an increase in daily life energy expenditure. In contrast, high-density lipoprotein cholesterol level and the percentage of those who exercised at least once a week increased with an in- crease in daily life energy expenditure. Alcohol consumption and cigarette smoking did not differ significantly across quartiles of daily life energy expenditure. The Figure shows mean blood pressure changes over a 7-year follow-up according to daily life energy expenditure. With the adjustment for age, family history of hypertension, alcohol consumption, cigarette smoking, regular physical exercise at entry, and change in BMI during the follow-up period, changes in both SBP and DBP significantly differed among the 4 groups of daily life energy expenditure in each follow-up year (PϽ.05 for all) and decreased with an increase in daily life energy expenditure. Changes in both SBP and DBP increased progressively among each group of daily life energy expenditure with an increase in age (P for trend, Ͻ.001 for all).
RESULTS
During the 7 years of follow-up representing 12 300 person-years, 1079 men developed hypertension ( Table 3) . After adjustment for age, family history of Figure.
Mean blood pressure changes over a 7-year follow-up period according to daily life energy expenditure, adjusted for age, family history of hypertension, alcohol consumption, cigarette smoking, regular physical exercise at study entry, and change in body mass index during the follow-up period. Abbreviations: CI, confidence interval; RR, relative risk. *Adjusted for age, family history of hypertension, alcohol consumption, cigarette smoking, regular physical exercise at study, entry and change in body mass index during the follow-up period.
†Additional adjustment for systolic blood pressure at study entry.
hypertension, alcohol consumption, cigarette smoking, regular physical exercise, and SBP at entry and change in BMI during the follow-up period, the relative risks for hypertension across quartiles of daily life energy expenditure were 1.00, 0.84, 0.75, and 0.54 (PϽ.001 for trend). Analyses stratified by age, family history of hypertension, alcohol use, cigarette smoking, BMI, and regular physical exercise showed consistent associations between daily life energy expenditure and risk of hypertension ( Table 4 ). The effect of daily life energy expenditure seemed to be smaller in older men than in younger men, and, to the contrary, the beneficial effect of daily life energy expenditure on leaner men and men who hardly ever exercised was somewhat larger than in obese men and men who exercised at least once a week. However, results of tests for interaction between daily life energy expenditure and these risk factors in terms of developing hypertension were not statistically significant.
To examine whether blood pressure at entry affected the association between daily energy expenditure and the risk of developing hypertension, we stratified subjects according to blood pressure level into low normal, normal, and high normal ( Table 5) . Among men with lownormal blood pressure, the multivariate-adjusted relative risk of hypertension across quartiles of daily life energy expenditure were 1.00, 0.70, 0.55, and 0.43 (PϽ.001 for trend). The corresponding results were 1.00, 0.89, 0.69, and 0.50 for men with normal blood pressure (PϽ.001 for trend), and 1.00, 0.86, 0.88, and 0.60 for men with high-normal blood pressure (P = .001 for trend). The interaction between daily life energy expenditure and blood pressure level in terms of developing hypertension was significant (P= .04).
COMMENT
Our results showed that the rate of rise in both SBP and DBP in each follow-up year decreased with higher levels of daily life energy expenditure and that the risk of developing hypertension decreased in a dose-dependent manner with higher daily life activity level. Analyses stratified by the presence or absence of a risk factor (ie, age, family history of hypertension, alcohol intake, cigarette smoking, BMI, and regular physical exercise) showed the negative association of daily life activity with the risk of developing hypertension for men at both low and high risk of hypertension. This tendency was also observed among men in all 3 categories of normotension (low normal, normal, and high normal). Provided that our findings represent a causal relationship between increased daily life activity and the reduced risk of developing hypertension, daily life activity should be considered an important measure for the prevention of hypertension among men at either low or high risk of hypertension. However, the beneficial effect of daily life activity decreased with an increase in baseline blood pressure. Baseline blood pressure had a strong impact on the risk of developing hypertension in this population (incidence of hypertension among men in the lowest quartile of daily energy expenditure: 60.1, 120.0, and 226.3 per 1000 personyears for men with low-normal, normal, and highnormal blood pressure, respectively). Thus, the effect of daily life activity on the development of hypertension may be obscured by higher baseline blood pressure.
Our results are consistent with the concept that greater physical activity substantially reduces the risk of developing hypertension. [9] [10] [11] [12] [13] [14] Although the mechanism of how Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters). *Unless otherwise indicated, values are expressed as the relative risk (95% confidence interval). Relative risks were adjusted for age, family history of hypertension, alcohol consumption, cigarette smoking, regular physical exercise and systolic blood pressure at study, and change in BMI during the follow-up period.
an increase in daily life activity reduces the risk for hypertension remains unclear, the finding that an increase in daily life activity is associated with a lower risk of hypertension is biologically plausible. It has been suggested that the effects of physical activity on hypertension may be mediated in part by increased insulin action, characterized by low insulin levels. 25, 26 An etiologic relation between hyperinsulinemia and hypertension has been inferred from studies showing a direct effect of insulin on renal sodium absorption, 27 sympathetic nervous system activity, 28 and vascular smooth muscle growth. 29 However, the exact mechanism influencing the interaction between hypertension and the other factors the insulin resistance syndrome comprises is not well defined.
Our study had several limitations. First, a 1-day activity record during an ordinary weekday was used to estimate overall energy expenditure. This may have led to the misclassification of exposure measures and may have resulted in a biased estimate of the association between daily life activity and risk of hypertension. In this study, there was a clear dose-response relation between daily life energy expenditure and biological markers of physical activity such as high-density lipoprotein cholesterol level (Spearman correlation coefficient [r] = 0.301; PϽ.001) and triglyceride level (r = -0.319; PϽ.001). In addition, an employee in Japan often stays at the same job until retirement. All the participants in this study were white-collar workers not working in a shift system, and most were professionals. Thus, physical activity in daily life may be a consistent and reliable indicator of physical activity status throughout adult life.
Second, the variability of blood pressure measurements is widely recognized, 1, 30 which makes it difficult to establish both accurate measurement of an individual's blood pressure and of the subsequent incidence of hypertension in epidemiological studies that rely on a limited number of blood pressure readings. We are fully aware of the limitations caused by our dependence on casual blood pressure readings to define persons at risk and those developing elevated blood pressure levels. However, it has been argued that subsequent blood pressure elevation or cardiovascular disease can be predicted equally well by casual blood pressure as by near-basal blood pressure, 31 so casual readings may also be useful for the definition and study of the incidence of hypertension.
Third, only selected variables were assessed as confounding factors for hypertension incidence. Several previous studies have identified resting heart rate or salt consumption, particularly when coupled with a low intake of potassium, as predictors of hypertension, [32] [33] [34] so further investigation is needed to clarify the causal relation between daily life activity and the development of hypertension.
Finally, bias in case finding could have occurred. However, because all incident cases were detected during the periodic annual screening in our study, such a bias is unlikely to have been a factor. Furthermore, all subjects were registered white-collar workers of a single company and thus are not representative of the general Japanese population. The relative homogeneity of the study population may enhance the study's internal validity. That is, the uniform educational background and socioeconomic status of the men in this population make it unlikely that the variables represent confounding factors.
Despite these potential limitations, our findings demonstrate that daily life activity is inversely associated with the risk of developing hypertension and that the risk of developing hypertension is more pronounced among physically inactive men with a high-normal blood pressure. To prevent hypertension, clinicians should focus their attention on the patients' physical activity in daily life, and individuals who are physically inactive in daily life and are at the higher end of the normal blood pressure spectrum should be followed up carefully. Abbreviations: CI, confidence interval; RR, relative risk. *Adjusted for age, family history of hypertension, alcohol consumption, cigarette smoking, regular physical exercise and systolic blood pressure at study entry, and change in body mass index during the follow-up period.
